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BACKGROUND. Dysplastic nodules (DNs) recently have been identified as preneo-
plastic lesions of hepatocellular carcinoma (HCC). To test an alternative hypothesis
regarding DN development, in which we have suggested that DNs develop as an
infiltrating clonal expansion in advance of, or parallel to cirrhosis, the authors
investigated the rates of apoptosis and proliferation in human hepatocarcinogen-
esis.

METHODS. The authors performed terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) assay and proliferation cell nuclear anti-
gen (PCNA) staining in 11 low-grade DNs, 8 high-grade DNs including 3 cases with
HCC subnodules, 10 small HCCs, and 29 cases of surrounding cirrhotic nodules.
Hepatocellular carcinoma subnodules were present in three cases of high DNs.
They determined TUNEL-labeling indices (LIs) and PCNA-LIs as the percentage of
positive hepatocyte nuclei per 500 randomly counted cells.

RESULTS. TUNEL-LIs (mean + standard deviation) were 0.8 = 0.82 in cirrhotic
nodules, 1.0 = 0.98 in low-grade DNs, 3.0 = 4.33 in high-grade DNs, 8.7 + 7.71 in
HCC subnodules of high-grade DNs, and 3.2 + 3.58 in small HCCs. The peak values
of apoptotic activity were higher in high-grade DNs and HCCs than in low-grade
DNs and cirrhotic nodules. Each case of low-grade DN showed a low to medium
level of apoptotic activity when compared with those of the four surrounding
cirrhotic nodules. The PCNA-LIs were 2.6 *= 1.35 in cirrhotic nodules, 4.5 + 2.31 in
low-grade DNs, 15.3 + 10.50 in high-grade DNs, 25.4 = 5.25 in HCC subnodules of
high-grade DNs, and 34.9 = 15.70 in small HCCs. The peak values gradually
increased, although only HCC showed significantly elevated proliferation activity.
The differences of PCNA-LIs and TUNEL-LIs, measured in each case, were 1.7
+ 1.89 in cirrhotic nodules, 3.6 = 2.43 in low-grade DNs, 7.9 = 5.69 in high-grade
DNs, 16.2 + 2.87 in HCC subnodules of high-grade DNs, 28.2 = 13.97 in small
HCCs. At all stages of hepatocarcinogenesis, the rates of cell proliferation were
higher than apoptosis, allowing a preferential net gain of (pre)neoplastic cells, and
it was significantly increased in small HCCs. In regenerative cirrhotic nodules, 14%
(4 cases) showed higher rates of apoptosis than proliferation.

CONCLUSIONS. The regulation/dysregulation of apoptosis of (pre)neoplastic cells as
well as of proliferation may play an important role in the process of hepatocarci-
nogenesis. Cancer 2001;92:2733-8. © 2001 American Cancer Society.
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Dysplastic nodules (DNs) have been identified as precancerous
lesions of hepatocellular carcinomas (HCCs), arising in human
chronic liver disease."” How DNs actually form has not yet been
firmly established. One early view suggested that an ordinary regen-
erative nodule in cirrhosis becomes more rapidly proliferative, there-
fore becoming larger. In turn, the growing nodule is at greater risk for
carcinogenic “hits,” thereby giving rise to atypia and carcinoma.?
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Although simple, this hypothesis does not take into
consideration three known findings about DNs. First,
they can be found in livers in advance of cirrhosis and
therefore do not always arise from preexistent regen-
erative nodules.*~® Second, the presence of many in-
tact portal tracts in most DNs, which have not yet
been demonstrated to fully reconstitute after scarring
and injury, suggests that they must be preexistent to
the formation of the DN, because it is unlikely that a
small cirrhotic nodule with few if any portal tracts
could enlarge to a nodule with many portal tracts.
Third, some DNs have been demonstrated to be clonal
lesions, and therefore already neoplastic, not hyper-
plastic phenomena.”™

To account for these features, we have suggested
an alternative process of DN development,>'*!! in
which DNs develop as an spreading clonal expansion
in advance of or parallel to cirrhosis. We previously
reported that this clonal expansion is resistant to the
scarring affecting the adjacent liver tissue so that, as
the rest of the liver around it becomes cirrhotic, the
neoplastic expansion takes on the macroscopic ap-
pearance of a large cirrhotic nodule.'?

On the basis of this alternate hypothesis, it was
predicted that the spreading clonal expansion pre-
ceded the development of cirrhosis and therefore
could perhaps take years to develop. Thus, it is possi-
ble that DNs could have relatively low proliferative
rates, rather than the high proliferative rates necessi-
tated by the earlier model. In fact, this prediction was
confirmed": low-grade DNs and the background pa-
renchyma of high-grade DNs, outside of atypical sub-
nodules, had proliferation rates that were similar or
lower than that of surrounding cirrhotic nodules.
Careful analysis of other studies of proliferation**7
demonstrates the same finding, although most inves-
tigators do not separate atypical foci from background
normal hepatocytes in high-grade DNs in performing
their analyses, obscuring this effect.

If these hepatocytes have a survival advantage
compared with hepatocytes in the surrounding liver,
they would expand in a clustered fashion, although
they are not rapidly proliferative. Two possibilities are
that they might be resistent to the disease damaging
the surrounding parenchyma or they might have
impaired mechanisms of apoptosis. We tested this
latter possibility by performing terminal deoxynucleo-
tidyl transferase-mediated dUTP-biotin nick end la-
beling (TUNEL) assay and proliferation cell nuclear
antigen (PCNA) staining in low-grade DN, high-grade
DNs, small HCCs, and the surrounding cirrhotic
nodules.

MATERIALS AND METHODS

We used routinely processed histologic sections from
cirrhotic livers removed at the time of orthotopic liver
transplantation or liver resection. We selected 11 rep-
resentative low-grade DNs, 8 high-grade DNs includ-
ing 3 cases with HCC subnodules, 10 small HCCs, and
29 cases of surrounding cirrhotic nodules from 12
patients (11 males and 1 female; 8 Americans, 1 Asian
American, and 3 Koreans). The patients did not re-
ceive any chemotherapy before surgery. All cases
showed cirrhosis, and the underlying causes of cirrho-
sis were hepatitis B virus in five patients, hepatitis C
virus in five patients, autoimmune hepatitis in one
patient, and alphal-antitrypsin deficiency in one pa-
tient. The DNs were classified according the standard
criteria of an International Working Party." The size of
the lesions ranged from 0.8 to 1.5 cm (1.11 = 0.266 cm,
mean * standard deviation [SD]) in low-grade DNs,
from 0.8 cm to 1.7cm (1.35 £ 0.366 cm) in high-grade
DNs, and from 0.9 to 2.2 cm (1.37 = 0.464 cm) in small
HCCs (Table 1).

An additional section of each nodule was stained
by means of a biotin-streptavidin amplified method
using monoclonal antibodies to PCNA (Biogenex, San
Ramon, CA) to evaluate the proliferation activity, and
the immunohistochemical staining was performed as
previously described.’®> We applied TUNEL assay for
the detection of apoptosis using the apotag kit (Oncor,
Gaithersburg, MD). Paraffin embedded sections of the
liver were subjected to TUNEL assay according to the
manufacturer’s protocol.

In each specimen, the PCNA labeling indices
(PCNA-LIs) and the TUNEL labeling indices (TUNEL-
LIs) were determined in the DNs, HCCs, and the four
surrounding cirrhotic nodules on the same slide. In
each nodule and subnodule, 500 nuclei were ran-
domly selected using a monocular eye-piece grid and
a mechanical stage. The PCNA-LIs and TUNEL-LIs
were expressed as the percentage of positive nuclei
per total nuclei counted.

Statistical analyses were performed using Mann-
Whitney U test.

RESULTS

We observed TUNEL and PCNA positive staining spe-
cifically only in the nuclei. In cirrhotic nodules and
DNs, most of the TUNEL positive hepatocytes under-
going apoptosis were morphologically intact in the
hematoxylin and eosin stain. In addition, some of the
TUNEL positive cells in HCC showed the characteris-
tic morphologic features of apoptosis. Three of the
high-grade DNs had subnodules of HCC as a nodule in
a nodule pattern (Fig. 1).



TABLE 1
Clinical and Pathologic Findings of the Patients
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Patient no. Age Gender Underlying cause of cirrhosis Pathologic diagnosis (cm)

1 42 M Hepatitis C virus Low-grade DN (1.4)

2 54 M Hepatitis C virus HCC (0.9

3 63 M Hepatitis C virus Low-grade DNs (0.9, 1.0, 1.2, 1.5)
4 40 M Hepatitis C virus HCC (L.5)

5 50 M Hepatitis C virus HCCs (1.0, 1.3, 1.5, 2.0)

6 47 M Hepatitis B virus HCC 2.2)

7 58 M Hepatitis B virus High-grade DNs (1.3, 1.8)

8 56 M Hepatitis B virus HCC (0.9

9 53 M Hepatitis B virus High-grade DNs (0.8, 0.9), High-grade DNs with HCC subnodule (1.5, 1.6)
10 50 M Hepatitis B virus Low-grade DNs (0.8, 0.8, 0.9, 1.0)
11 43 F Autoimmune hepatitis High-grade DN (1.2)

12 56 M al-antitrypsin deficiency Low-grade DNs (1.2, 1.5)

High-grade DN with HCC subnodule (1.7) HCCs (0.9, 1.5)

M: male; DN: dysplastic nodule; HCC: hepatocellular carcinoma; F: female.

We found that TUNEL-LIs (mean * standard de-
viation) were 0.8 = 0.82 in cirrhotic nodules, 1.0 = 0.98
in low-grade DNs, 3.0 = 4.33 in high-grade DNs, 8.7
+ 7.71 in HCC subnodules of the high-grade DNs, and
3.2 = 3.58 in small HCCs (Fig. 2). The peak values of
apoptotic activity were higher in high-grade DNs, HCC
subnodules, and small HCCs than in the low-grade
DNs and cirrhotic nodules. The TUNEL-LIs of the
low-grade DNs were of a low to medium level, com-
pared with those of the four surrounding cirrhotic
nodules in each case, although the rates of apoptosis
in the low-grade DNs were not significantly lower than
those of surrounding regenerative nodules.

We found that PCNA-LIs were 2.6 = 1.35 in cir-
rhotic nodules, 4.5 * 2.31 in low-grade DNs, 15.3
*+ 10.50 in high-grade DNs, 25.4 + 5.25 in HCC sub-
nodules of high-grade DNs, and 34.9 * 15.70 in small
HCCs (Fig. 3). The peak values gradually increased
according to the progression of multistep hepatocar-
cinogenesis, although only HCC showed significantly
elevated proliferation activity (P < 0.05).

At all stages of hepatocarcinogenesis, with the
exception of one case of low-grade DN, the rates of cell
proliferation were higher than apoptosis allowing a
preferential net gain of (pre)neoplastic cells. The dif-
ferences of PCNA-LIs and TUNEL-LIs, measured in
each case, were 1.7 = 1.89 in cirrhotic nodules, 3.6
+ 2.43 in low-grade DNs, 7.9 *= 5.69 in high-grade
DNs, 16.2 = 2.87 in HCC subnodules of high-grade
DNs, and 28.2 = 13.97 in HCCs (mean = SD; Fig. 4).
These differences gradually increased and resulted in
a significantly increased net gain in small HCCs. In
regenerative cirrhotic nodules, 4 cases (14%) showed
higher rates of apoptosis than proliferation.

DISCUSSION

Excessive cell accumulation during carcinogenesis can
result not only from increased cellular proliferation,
but also from diminished cell death. In experimental
hepatocarcinogenesis in a rodent model, initiation is
negatively regulated by the rate of hepatocyte apopto-
sis. Clonal expansion of the initiated hepatocytes oc-
curs during the stage of promotion, and this expan-
sion is caused by a selective increase in cell
proliferation and by a selective decrease in apoptosis
of preneoplastic hepatocytes. Several studies have
now demonstrated that several promoting agents se-
lectively inhibit apoptosis in preneoplastic hepato-
cytes and withdrawal of a promoting agent may cause
a substantial increase in the apoptosis of hepatocytes
and preneoplastic lesions.'®*! During the stage of
progression, the rate of apoptosis appears to increase
with increasing cell replication.**"** The abrogation of
apoptosis that results in survival advantage has been
demonstrated in other tumors; for example, apoptosis
is inhibited early in the dysplasia-carcinoma sequence
of Barrett esophagus.?

Recently, DNs have been identified as premalig-
nant lesions in the multistep process of hepatocarci-
nogenesis in humans. We have suggested an alterna-
tive hypothesis regarding this process of DN
development.>'®!'! The steps of this hypothetical pro-
cess are as follows:

1. A clonal expansion of hepatocytes after the earliest
carcinogenic events in response to any diffuse in-
jury of the liver, which, in turn, leads to increased
hepatocyte turnover;

2. These early hits lead to a clonal expansion of
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3.

hepatocytes that spreads around adjacent portal
structures rather than displacing them;

As the rest of the liver becomes scarred, progress-
ing to the later stages of disease and eventually
cirrhosis, the island of clonal hepatocytes, if resis-
tent to the scarring affecting the rest of the liver,
would remain intact—an island of relatively pre-
served hepatic parenchyma made up of neoplas-
tic, clonal hepatocytes;

. With establishment of cirrhosis in the adjacent

liver tissue, the clonal expansion takes on the ap-
pearance of a large cirrhotic nodule;

. Having already undergone the earliest transform-

ing events of hepatocarcinogenesis, the clonal, he-
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FIGURE 1. (8) Well differentiated hepatocellular carcinoma (HCC) (arrows) arising
as a subnodules within a dysplastic nodule (DN; H & E, X 100). (B) TUNEL assay
of the same lesion with increased nuclear expression in HCC than in background
DN (TUNEL assay, fast red, x100). (C) Immunohistochemical staining of the same
lesion with diffuse PCNA staining in HCC and less extensive staining in the
background DN (immunohistochemical stain for PCNA, hematoxylin counterstain,
x100).

patocyte expansion remains at increased risk for
later developments, and, thus, the lesion becomes
the likeliest site of full malignant transformation.

On the basis of this alternate hypothesis, we tested the
difference between cell proliferation and death by way
of PCNA staining and TUNEL assay in low-grade DN,
high-grade DNs, small HCCs, and surrounding cir-
rhotic nodules. The PCNA data confirmed earlier stud-
ies that found that low-grade DNs did not have in-
creased proliferative rates as compared with the
surrounding regenerative nodules, and increases in
proliferation only occurred with the development of
atypia.'®'” Apoptosis appeared diminished in low-
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FIGURE 2. Results of TUNEL assay in human multistep hepatocarcinogen-
esis. TUNEL: terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling; DN: dysplastic nodule; HCC: hepatocellular carcinoma.
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FIGURE 3. Results of immunohistochemical staining for PCNA in human
multistep hepatocarcinogenesis. PCNA: cell proliferation nuclear antigen; DN:
dysplastic nodule; HCC: hepatocellular carcinoma.

grade DNs, only increasing with the emergence of
atypia. The rates of apoptosis in low-grade DNs were
not significantly lower than those of the surrounding
regenerative nodules; however, the ratio of apoptosis
to proliferation was decreased in DNs, indicating that
the hepatocyte populations, as expected, did have a
survival advantage when compared with non-DN
hepatocytes. Thus, the early stages of human hepato-
carcinogenesis are marked by diminished apoptosis,
compared with proliferation, resulting in an early
spreading expansion of neoplastic hepatocytes.

In this study, the net gain of hepatocytes was
gradually increased through the multiple stages of
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FIGURE 4. Difference of PCNA-labeling index and TUNEL-labeling index in
human multistep hepatocarcinogenesis. TUNEL: terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling; PCNA: cell proliferation
nuclear antigen; LI: labeling index; DN: dysplastic nodule; HCC: hepatocellular
carcinoma. Means and standard deviation are given.

hepatocarcinogenesis. It significantly increased in
small HCCs, despite the higher level of TUNEL-LI.
These current findings showed a more rapid cell turn-
over of hepatocyte in HCC than DNs, and balance
between proliferation and apoptosis is important in
the progression of hepatocarcinogenesis. It also sug-
gests that the homeostatic mechanisms of growth
control are not totally destroyed in hepatocarcinogen-
esis or in HCCs.
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